Summary
The combination ketamine-xylazine was assessed as a surgical anaesthetic in the golden hamster. Several dose levels and routes of injection were evaluated. It was determined that 50-200 mg/kg bodyweight of ketamine with 10 mg/kg body weight of xylazine, when given by intraperitoneal injection, was a satisfactory general anaesthetic.
Approximately 600 000 hamsters are utilized yearly in biomedical research in the United States (Lang et al., 1980) . Approximately 90% of these are Syrian or golden hamsters (Mesocricetus auratus) . Because of their importance in research and the large num bers involved, a safe and effective mode of anaesthesia that can be administered by technical as well as professional personnel is desirable.
Within the last 7 years, studies using a combination of ketamine hydrochloride and xylazine hydrochloride as a general anaesthetic in rats (Van Pelt, 1977) , rabbits (White & Holmes, 1976) , monkeys (Naccorato & Hunter, 1979) and a variety of other laboratory and domestic animals (Green, Knight, Precious & Simpkin, 1981) , have been reported. No definitive study to establish a safe and effective dose for this drug combination in hamsters has been reported.
Ketamine ('Ketaset': Bristol Laboratories, Syracuse, New York 13201, USA) is a non-barbiturate, centrally-acting, dissociative anaesthetic with a wide margin of safety. Disadvantages include increased salivation and poor muscle relaxation. Ketamine, when used alone, has been found to be unsatisfactory for surgical procedures in several species of laboratory animals (White & Holmes, 1976; Van Pelt, 1977; Green et al., 1981 that it interferes with normal electrical activity of the heart, producing cardiac arrhythmias. However, it does have a reasonable margin of safety in clinical applications.
In combination these two drugs have proved very useful in laboratory animal anaesthesia.
They can be administered premixed and have rapid induction and recovery times. The objective of this study was to determine a route of administration and dose of a ketaminexylazine combination that produces surgical anaesthesia in the golden hamster.
Materials and methods
In a preliminary study, injections of ketamine and xylazine were given alone and in combination. Ketamine, alone, was given by Lm. injection in doses ranging from 50-500 mg/kg bodyweight. Xylazine doses, given s.c., ranged from 10-150 mg/kg body weight. The two drugs were given together by a single Lm. injection in the following doses: 250/50, 200/20, 200/10, 200/5, 100/10, 100/7, 50/1 0 (ketamine-xylazine in mg/kg bodyweight). Based on this preliminary study, 3 doses of ketamine (50, 100, and 200 mg/kg bodyweight), each given with a xylazine dose of 10 mg/kg bodyweight, were compared. All 3 ketaminexylazine doses were compared when given Lp. The 2 highest doses were also given s.c., and the 2 lowest doses were given i.m. The highest dose was not evaluated when given Lm. because visible haemorrhage in the muscle surrounding the injection sites was noted at necropsy during the pilot study. Less extensive lesions were also noted after the 100 mg ketamine-IO mg xylazine/kg bodyweight dose. 44 male and 36 female golden hamsters were bred and maintained as a closed colony in an American Association for Accreditation of Laboratory Animal Care accredited facility. The foundation outbred stock was purchased from Charles River Breeding Laboratories (251 Ballardvale, Wilmington, Massachusetts 01887, USA).
23-gauge needles and I-ml syringes were used for all injections. Lm. injections were made in the posterior thigh muscles and i.p. injections were given in the right posterior abdominal quadrant; s.c. injections were made into dorsal thoracic subcutaneous tissue. Some animals were injected more than once with at least a 10-day interval between each dose. 20% of the females were pregnant at the time of injection.
The plane of anaesthesia was evaluated by recording the response to painful stimuli and monitoring the loss of the righting reflex. The painful stimuli were created by pinching the abdominal skin with a haemostat. Any body movement, muscle twitching or vocalization was considered a positive response. Other responses, such as the palpebral, corneal, and pedal reflexes were not used because these reflexes were judged to be inaccurate indicators of depth of anaesthesia. 5 animals, judged to be in a surgical plane of anaesthesia by pinching the abdominal skin, were subjected to abdominal surgery. The criteria for the clinical evaluation of anaesthesia during surgery included the presence or absence of body movement and the presence or absence of vocalization. No cardiovascular or respiratory system evaluations were made in this study.
Results
In the preliminary trials ketamine or xylazine alone did not produce satisfactory anaesthesia. Ketamine 291 did immobilize the animals, but even at 500 mg/kg body weight did not provide sufficient analgesia for surgical manipulations. Xylazine alone did not immobilize the animals adequately at any dose and caused convulsions, ocular protrusion and respiratory depression (less than 12/min) at 150 mg/kg. In the single animal to which it was given, the 250/50 dose (ketamine-xylazine in mg/kg bodyweight) caused death in less than 10 min. The 200/20 dose caused respiratory depression. In those animals given the ketamine-xylazine combination, analgesia was inadequate at xylazine doses less than 10 mg/kg' body weight. Adequate immobilization and analgesia with mild to moderate respiratory depression occurred at ketamine doses of 50-200 mg/kg when given in conjunction with 10 mg/kg of xylazine.
The results of the evaluation of dose and routes of administration of the ketamine-xylazine combination are summarized in Table I and Figs 1 and 2. Ketamine-xylazine given i.p. at a dose of 50-200 mg/kg of ketamine and 10 mg/kg of xylazine is an effective anaesthetic in the hamster (Fig. 1) .90% or more of hamsters under this anaesthetic regimen became immobile and did not respond to painful stimulation of the abdominal skin. Induction time was less than 5 min in all cases. The length of anaesthesia for the i.p. route at ketamine doses of Valuesare expressedas the % of animals that did not respond to pinchingof the abdominal skin. 50 mg/kg, 100 mg/kg and 200 mg/kg plus 10 mg/kg xylazine were (mean ± 95% confidence limit)
27'3 ± 6'7, 41'1 ± 3'4 and 71'1 ± 4'2 min, respectively ( Table 1) . The s.c. route of injection was judged ineffective because only 20-60% of the hamsters became anaesthetized when given 100-200 mg/kg ketamine with 10 mg/kg xylazine.
In addition, the length of anaesthesia was unpredictable with this route of administration (Table 1 ). The i.m. route was effective but less desirable than the Lp. route. The duration of anaesthesia was much less with
Curl & Peters the i.m. route at the same dose level ( Fig. 2 and Table 1 ), even though approximately the same percentage of animals became anaesthetized.
Discussion
The results indicate that a combination of ketamine and xylazine can be a safe and effective anaesthetic in the golden hamster. Analgesia and muscle relaxation of sufficient duration for abdominal surgical procedures were produced. The length of anaesthesia appeared to be dose-related.
Both Lm. and i.p. routes of injection proved acceptable, but some muscle trauma and shorter length of anaesthesia were noted with the i.m. route. None of the anaesthetized pregnant females aborted and no anomalies were noted in any offspring. One pregnant female near term did die within 5 min of an i.p. injection at the highest dose level. However, this death was attributed to poor injection technique, after it was determined that part of the dose was given i.v.
Based on subjective criteria, i.p. injection of a ketamine-xylazine combination had several desirable characteristics as an anaesthetic regimen. The i.p. injection was easily accomplished by one person, while greater difficulty was encountered with i.m. injections. Good immobilization and muscle relaxation was produced. Analgesia in the abdominal area was adequate at the low dose and good at the higher doses. However, analgesia of other body areas, especially the feet, was poor except at the highest dose. No special equipment is needed with this anaesthetic regimen and neither compound is considered a controlled substance by the United States Drug Enforcement Agency. In conclusion, it was determined that an i.p. injection Ketamin zusammen mit 10 mg/kg Korpergewicht Xylazin, intraperitoneal gegeben, eine befriedigende Allgemeinnarkose ergehen.
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